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RESEARCH MEMORANDUM

CHARACTERISTICS OF LOADS IN ROUGH AIR AT TRANSONIC
SPEEDS OF ROCKET-~POWERED MODELS OF A CANARD
AND A CONVENTIONAL-TATYL, CONFIGURATION

By A. James Vitale
SUMMARY

Results from flight tests at transonlc speeds are presented for a
canard and a conventional-tail (or taill-last) rocket-powered model in
continuous rough air. The use of an airspeed-fluctustion instrument for
measuring the turbulence intensity experienced by the models is described,
along with the resulting improvement in the technique of testing rocket
models in rough air. The limitations of the technique for measuring
small-order effects are also discussed.

The short-period frequency was dominant in the center-of-gravity
normal -acceleration response for both models. The variation of load
intensity with Mach number for the canard and tail-last models is com-
pared with results from a tailless model previously tested to show the
effect of improving the demping in pitch. A ccamparison of the canard
and tail-last models indlicated that the load intensity was about the same
order of magnitude for both models at Mach numbers from 0.80 to 1.0 and
any small-order effects were masgked in the large scatter of the test
results.

INTRODUCTION

The need for additional experimental techniques for studying gust
loads on alrplanes and missiles at transonic and supersonic speeds has
led to an investigation of the use of rocket-powered models for gust-
loads studies. The results from the exploratory investigation are pre-
sented in reference 1 in the form of a testing technique and procedure,
along with experimental date on a tallless swept-wing rocket-powered
model for flight through,continuous rough air. The data presented in
reference 1 promulged two main conclusions: (1) The low damping in
pitch of the tailless model gave rise to a sizable emplification of loads
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in rough air and (2) the testing technique as described (in ref. 1) was
feasible and practical, but the precision was such that only large-order
effects could be investigated. In addition, several improvements for the
technique and instrumentation were suggested 1n reference 1.

The purpose of the present investigation was to develop further the
testing technique and obtain gust-loads data on two additional rocket-
powered models both of which had improved demping in pitch over the tail-
less model as shown in reference 2. The two models had 45° sweptback
wings of aspect ratio 6 and NACA 658009 airfoill section which were iden-
tical to thoge of the tailless model of reference 1. Tmproved demping
was obtalned by the addition of tall surfaces. For one model a canard
surface was added and for the other the tall was added in the conventional
or tail-last position.

As in reference 1, the test procedure involved testing the models in
clear-air atmospheric turbulence associated with post-cold-front conditions.
A survey airplane was used in choosing the test days and in determining the
variation of turbulence intensity with altitude. The present investigation
differed from reference 1 in that the models were equipped with an independ-
ent system for measuring the turbulence in the horizontal direction.

In the evaluation of the test results and in the associated theoreti-
cal calculations presented, extensive use is made of the techniques of
generalized harmonic analysis, The test results are presented in the form
of time histories, power spectra, and root-mean-square normal-acceleration
inerements for Mach numbers from 0.80 to 1.0 for both the canard and tall-
last models. In addition, comparisons are made of the variation of root-
mean-square normal-gc¢celeration increments wlth Mach number of the tail-
last, canard, and tailless (ref. 1) models to illustrate the overall effect
on gust loads of improving the damping in pitch of both the talil-last and
canard models over the tallless model.

SYMBOLS
A aspect ratio, bg/é
b total wing span, ft
c . chord, Tt
¢ mean aerodynamic chord, £t
£ frequency, cps
g acceleration due to gravity, 32.2 ft sec?
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h altitude, £t
IY moment of inertia about transverse axis, slug-ft2
1 distance between center-of-gravity and nose acceler-

ometers, ft

M Mach number

On normal-acceleration increment, g units

S total wing area, sq ft

t time, sec

Tl/2 time to damp to one-half amplitude, sec

W weight, 1b

\ velocity, £t/sec

K constant in equation of power spectrum of gust velbcity,

= K

Qi(ﬂ) = '(‘1‘2—

ag root-mean-square An, g units

o, undamped natural frequency, radians/bec

¢() power-gpectral~density function of an arbitrary disturbance
with respect to £ or @

o5() power-spectral-density function of output or normal

: acceleration
¢1() power-spectral~density function of input or gust velocity
Q reduced frequency, 2xf/V, radians/@t

MODELS AND INSTRUMENTATION

Models

A canard and a tail-last configuration having 45° sweptback wings of
aspect ratio 6 and NACA 655909 airfoil section parallel to the free stream
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were used in the present investigation. The tail surfaces were swept

back 45° and had an aspect ratio of 4 and NACA 65A006 airfoil sections.
The principal features of the models are shown in figures 1 to 3. The
fuselage for both models was similar to that of the tailless model of
reference 1 with a cylindrical section added at the fuselage maximum
diameter. The fuselage ordinates are glven in reference 2. Flat-plate
aluminum-alloy fins were used to stabilize the models directionally.
Listed in table I are the important physical characteristics of the models.

Instrumentation

Both the canard and tail-last models were equipped with a four-channel
telemeter transmitting measurements of normal acceleration-from acceler-
ometers at the center of gravity and in the nose of the model, votal pres-
sure, and fluctuations in total pressure. The patural frequency and demping
ratio of the accelerometers are given in the following table:

Canard model Tail-last model
Accelerometer Damping Damping
fn, cps ratio fn, cps ratio

Center of gravity 78 0.69 8k 0.52
Nose 81 .70 79 .70

Amplitude-response corrections for the accelerometers were not made
for frequencies up to 35 cps. The nose accelerometers were located approx-
imately 3 feet ahead of the center of gravity for both models. Ground
instrumentation included a CW Doppler radar set for obtaining model veloc-
ity, a modified SCR 584 radar set for obtaining model position in space,
and a radiosonde for obtaining atmospheric conditions.

The need for an instrument to measure the turbulence experienced by
the models led to the development of a device for measuring horizontal-
gust fluctuations or fluctuations in total pressure. The problem encount-
ered for the rocket-powered models was the difficulty of accurately meas-
uring fluctuations in total pressure (due to gusts) which were a very small
percentage of the steady-state pressure. A differential pressure cell was
adapted for this purpose and was installed in the models for development
purpoges. A schemstic drawing of the ingtrument is shown in the following
sketch:
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Movement proportional to

Fluctuating magnitude of fluctuations
total pressure
] N

\
A ~~-Diaphragm

N

Average totgl pressure

Capillary tube—IEE;

The differentlal cell is connected in such a way that one side of its
diaphragm is exposed to the source of fluctuating total pressure and

the other side of the diaphragm 1s connected to a source of reference
pressure whose emplitude is equel to the average of the fluctuating
total pressure. This average of reference pressure is otained by con-
necting the fluctuating-pressure source to the reference half of the

cell by a capillary tube. The movement of the digphragm is then propor-
tional to the megnitude of the fluctuations. A dynamic calibration of
the instrument provided informaetion for making amplitude-response correc-
tions for frequencies from about 5 to 50 cps.

TEST PROCEDURE

Model Preflight Tests

Longitudinal-stability tests.- The results from smooth-air tests of
an identical canard model (ref. 2) and a similar tail-last model (ref. 3)
were used to determine the longitudinal staebility characteristics and
their variation with Mach number for the two models of this report. Shown
in figure 4 are the static and dynamic longitudinal stability character-
istics calculated for the flight conditions of the canard and teil-last
models from the stability data of references 2 and 3. Also shown in fig-~
ure 4 are the stebility characteristics of the tailless model of refer-
ence 1. The variation of lift-curve slope with Mach number for each model
mey be found in reference 2.

Vibration tests.- The structural vibration modes, frequencies, and
nodal lines of the two models were determined by suspending the models
from shock cords attached to forward and rearward sections of the fuse-
lage and mechanically vibrating the model by an electromagnetic shaker
mounted at the center of gravity. These results are shown in figure 5

for both models.
R -WI"T‘T“
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Model Tests

The atmospheric and turbulence conditions for forecasting and
selecting a sultable test day are described in detail in reference 1. A
similar procedure was used for the present test; on the day of a post-
cold-front condition with strong offshore winds, an airplane survey was
made to determine the suitability of turbulence conditions over the firing
range at the Langley Pilotless Alrcraft Research Station at Wallops Island,
Va., and to determine the Intensity and variation with altitude of the
turbulence.

The two models, canard and tail-last, were not tested on the same
day; however, the same procedure was used for each test. The models were
ground-launched at an elevation angle of 25° in order to insure that the
tests be conducted at low.altitudes (up to 3,000 feet) in the region of
existing turbulence condltions. Following separation from thelr booster-
rocket motors, the models experienced decelerating flight for about 8 sec-
onds fram M = 1.0 to M = 0.80. Then sustainer rockets in the models
accelergted the models to about M = 1.1, after which data were obtalned
for the second time from M = 1.0 to M = 0.80. Unfortunately the telem-~

"eter did not function for the first decelerating period of the tail-last-
model flight and data are presented for only the second decelerating
period of the flight. As shown in table I, small differences in weight
and moment of inertia exlisted .for the canard model for the conditions of
before and after sustainer-rocket burning which resulted in the small
differences in dynamic and statlc stability shown in figure k.

Turbulence Measurements

Although the models were equipped with the total-pressure-fluctutation
instrument, the alrplane surveys were still a necessary part of the tech-
nique since the final decision for making the tests depended on the air-
plane pilot's Judgment as to the suitability of the turbulence conditions.
Also, for the tail-last model the data obtained from the pressure-
fluctuation instrument did not appear to be reliable and the survey-
airplane data were used as dlscussed in reference 1 to establish the vari-
ation of turbulence intensity with altitude.

On the test days, airplane surveys were made along the firing course
at altitudes fram 500 to 3,500 feet in 500-foot increments with two test
runs, 4 to 5 miles in length, made at each altitude (to-sea and to-land
directions). The recorded alrspeed-acceleration data at each altitude
were evaluated to determine the derived gust veloclties Uae in accord-

ance with the revised gust-load formula. For the tall-last-model test
the airplane survey data were used in the following manner to establish
the spectra of turbulence encountered by the model at the various altitudes.
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In reference 1 some test results are described for an airplane equipped
with an airspeed-fluctuation measuring system which established that the
shape of the spectrum of horizontal gust velocities could be approximated
by the relation

Q) = £ (0.003 < 9 < 0.5)
®i( ) 02

where K 1s a constant and is a measure of the turbulence intensity.

If this simple relation is also assumed to apply to the spectrum of verti-
cal turbulence, the velue of K appropriate to the teil-last-model test
conditions was estimated from the relative gust experlence Uae of the

survey alrplane and the airplane used to obtain the shape of the gust spec-
trum. For example, the alirplane used in establishing the shape of the spec-
trum indicated a spectrum of 0.052/92 and evaluations from the survey-
airplane data indicated that the gust intensities for the tail-last model
at the 1,500-foot-altitude condition were roughly 76 percent as severe as
those obtained from the ailrplane flights to determine the spectrum shape.
The appropriate value of K <for the tall-last model at 1,500 feet would
then be 0.052(0.76)2 or 0.0% since the spectrum is a function of the gust
velocity squared. Shown in table II are the values of X obtained in

this manner for the tall-last model.

An exsminatlon of the ailrplane survey data for the canasrd-model test
indicated that the turbulence intensity decreased as the distance from the
shore increased, in addition to changing with altitude. Under changing
conditions of turbulence of this type the survey-alrplane data could not
be used to define the level of turbulence experienced by the model for
short periods of time or ssmple lengths. One of the recommendations made
in reference 1 for improving the testing technique was to exercise greater
selectivity in the choice of test conditions to obtain more homogeneous
turbulence. Apparently the survey-airplane pilot was influenced too much
by the heavy turbulence near the shore in meking the decision to test the
model. A falrly satisfactory improvement in the technique has been used
in a recent test by telemetering the accelerstion data from the survey
airplane to a visual recorder on the ground and thus engbling another
observer to examine the acceleration trace for suitable test conditions.

FPortunately the spectra of turbulence obtained fram the total-
pressure-fluctuation instrument for the canard-model test appeared to
be a satisfactory indication of the turbulence encountered by the-model.
Several power spectra of the horizontal component of gust velocity
obtained for several portions of the canard-model test are shown in fig-
ure 6. “The spectra in figure 6 have been corrected for the frequency
response of the measuring system which 1s fairly poor at low frequenciles
up to 0.05 radian per foot or about 7 cps. The spectra also show
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considerable scatter probably due to the short record samples. Curves

of the type K/Qe, which are shown by the solid lines of figure 6, were
fitted to the data to have the same mean-square gust veloclty as the

data points. The values of K obtained in this manner are shown in

table II for the canard model and indicate a large decrease in turbulence
intensity for the second decelerating period of the flight after sustainer-

motor burning.

RESULTS AND ANALYSTS

Experimental Results

The techniques of generalized harmonic analysis as described in ref-
erences 1 and 4 are particularly useful in analyzing the gust data from
rocket-model tests. Since the models are changing altitude and speed
continuously during the tests, the amount of data obtained at fixed con-
ditions is very limited. In general, the data are analyzed for record
sections averaging sbout 2 seconds in length where the change in model
forward speed is about 6 percent or less. Then the Mach number indicated
for each record section represents an average during this speed change.
Since the.normal-acceleration data were reduced from the telemeter records
at 0.0l-second intervals, each record sveraged about 200 date points. The
direct result of the short sample length is to introduce statistical flue-
tuations in the data and thus limit the precision of the results.

The results of the basic-data evaluation for the canard and tail-last
models for flight in continuous rough alr are presented for several of the
record sections in the form of time histories (fig. 7) and power-spectral-
density functions of normal acceleration (figs. 8 and 9). _These results
serve the purpose of illustrating the general charsascteristics of the loads
end motion for flight through rough air and are presented as measured;
that is, no corrections for differences in turbulence intensity with alti-
tude were made.

The varlation of root-mean-square center-of-gravity normal-acceleration
increments with Mach number is presented in figure 10 for both models. In
order to obtain the variation of the root-mean-square values with Mach num-
ber it was necessary to adjust the test results for the difference in tur-
bulence intensity at the various altitudes. ©Shown in table II are the
values of the turbulence intensity appropriate for each record section.
These values were used in ratio form to adjust the root-mean-square values
of normal acceleration to a gust-velocity spectrum having the

equation & (@) = Qggﬁ‘
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Analytical Calculations

In order to determine whether the general level and variation with
Mach number of the root-mean-square acceleration increment could be pre-
dicted by means of power-spectral methods, some theoretical calculations
were made for both models. The theoretical basis for determining mean-
square loads by means of generalized harmonic analysis is presented in
detall in references 1 and 4 and only a brief discussion is presented
herein. When the atmospheric turbulence is described by a power-spectral-
density function referred to as the input, it is related to the output or
alrcraft normal-acceleration spectrum through the amplitude squared of the
alrcraft frequency-response function which is the normasl-acceleration
response to sinusoidal gust disturbances. The area under the output or
normal-acceleration power-gpectral-density curve is the mean-square normal
acceleration. The spectrum of atmospheric turbulence used in the calcula-
tions was

_ 0.0
24(Q) = —655

as previously discussed. The transfer functions were determined as
described in reference 1. The procedure assumes that the model in pene-
trating a sharp-edge gust behaves essentially as a one-degree-of -freedom
system (vertical motion only) up to the first pesk acceleration. This
rather simplified assumption of neglecting pitching motion up to the first
peak 1s probebly in greater error for the canard model than for the tail-
last model. However, calculations for the canard model using the method
of reference 5 showed that for the case of a sharp-edge gust the effect
of pitch was insppreciable until after the model had reached its first
peak acceleration. The first peak normal-accelerastion responses for both
the cansrd and tall-last models were determined from the results of ref-
erence 6 ,-along with the experimental values of lift-curve slope obtained
from stability tests of references 2 and 3. Beyond the first peek it was
assumed. that both models responded in the short-period longitudinal motion
(both vertical and pitching motion) with the period and damping shown in
figure 4. Fram the model response to a step or sharp-edge gust, the
frequency-response function was determined analytically for Mach numbers
from 0.80 to 1.0 by the equations given in reference 4. The variation of
calculated root-mean-square acceleration obtained for both models is shown
in figure 10 for direct comparison with the experimental values.

DISCUSSION

Characterigtics of rough-sir response.- An examination of several
typical time histories of center-of-gravity and nose acceleration for
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both the canard and tail-last models (figs. T(a), 7(b), and 7(c)) indi-
cates that in rough air both models undergo sustained and irregular oscll-
lations composed of frequencies which appear to be anywhere from U4 to
about 120 cps. The lowest frequency corresponds to the model short-
period longitudinal motion, and the higher frequencies are seversl of the
structural frequencies shown in figure 5. Since the various frequenciles
present ‘are somevhat mixed on the time-history traces, the power spectra
of figures 8 and 9 will provide a better identification of the frequencies.

In figure T(a) for the tail-last model at M = 0.80 the nose and
center-of-gravity accelerometers lindicate about the same reading for the
short-period motion. In figures 7(b) and 7(c) for the canard model the
short-period motion is greatly reduced in the nose-acceleration time his-
tory compared to the center-of-gravity accelerations. The difference in
amplitude of the nose and center-of-gravity readings for the short-period
motion is proportional to the angular acceieration in pitch as given by
the equation )

Mpoge = Dheg _ 8
/e

where 1 dis the distance in feet between the two accelerometers. For
both models the nose accelerometer was located about 3 feet ahead of
center of gravity. Therefore, the time historles of figure T indicate
that the angular acceleration in pltch was smaller for the tail-last
model than for the canard model.

The angular acceleration in pitch is directly related to the static
longitudingl stability by means of the expression

I¥ = ascey = qsacmGb A,

when the damping in pitch is neglected. The difference in pitching accel-
eration for the two models is then directly related to the square of the
short-period frequency wn of figure 4 since

For example, from the data of figure 4 at M = 0.80 +the pitching accel-
eration @/Aa for the.canard model would be about 2.8 times that of the
tail-last model.




NACA RM 1sbrat

The time histories of figures T(b) and T(c) correlate with the pawer
spectra of horizontal gust velocity of figure 6 for the canard model in

that the large decrease in normal-accelerstion amplitude corresponds to

a decrease in turbulence intensity for the second portion of the canard-
model test.

Power spectra of gcceleration increments.- The spectra of figures 8
end 9 are presented primarily for the purpose of identifying the various
frequencies illustrated in the time histories of figure 7 and for showing
thelr relastive contributions to the total power or mean-square acceleration.

These spectra- with the exception of figures 8(e), 8(f), and 9(e),
were computed from the time-history data by using the procedures recom-~
mended in reference 7. The data were reduced from the records at
0.0l-second intervels with the result that the highest frequency that
could be resolved in the spectra was 50 cps. Since the high-frequency
componente were not faired from the records before computing the spectra,
the power densitles at frequencles higher than 50 cps are reflected to a
small amount in the low frequencies. Forty estimates of power equally
spaced over the frequency raenge of O to 50 cps were obtalned for each
record section shown. As discussed in reference T, each point on the
curves of figures 8(a) to 8(d) and 9(a) to 9(d) represents an estimate
of the average power of a frequency band width of 5 cps. The direct

effect of this band width is a reduction in sharpness of peak values of
these sgpectra.

Several typical power spectra of normal acceleration for the canard
model are shown in figures 8(a) to 8(d) for frequencies from O to 50 cps.
Spectra of normal acceleration measured 3 feet ahead of the center of
grevity are shown in figures 8(a) to 8(d) in addition to the center-of-
gravity normal-ascceleration spectra. For the center-of-gravity power
spectra the greatest concentration of power is at the model short-period
frequency of 5 to 7 cps, and there is an indication of a small peak near
35 cps or the wing first bending frequency. However, for the spectra
obtained from the nose-accelerometer data, the peek at the short-period
frequency is greatly reduced because of angular acceleration in pitch
(as previously discussed). The reduced turbulence intensity for the por-
tion of the canard-model flight after sustainer-motor burning (greater
distance from the shore) is illustrated by the reduced ordinate scale
of figures 8(a) and 8(b) compared with figures 8(c) and 8(d). In order
to obtain spectra which include the higher frequencies, several record
sections were analyzed by means of a magnetic-tepe harmonic analyzer and
are shown in figures 8(e) and 8(f) for the same record sections as fig- -
ures 7(b), 7(c), 8(b), and 8(c). The high-frequency peek is near 120 cps
and an exenmination of figure 5 shows that this frequency is near a body
bending mode for the canard model. At a frequency of 120 cps, the spectra
of figures 8(e) and 8(f) have been corrected for the frequency response
of the accelerometer, since’at this frequency the amplitude indicated is
only about 0.40 of the actual emplitude. The difference in the height of
the peak at the- short-period frequency of figures 8(b) and 8(c) compared
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with figures 8(e) and 8(f) from the magnetic-tape analyzer is probably
due to some difference in the filter width for the tape analysgis.

The power spectra for the tall-last model shown in figure 9O are simi-
lar to those for the canard model. A ccamparison of the peeks at the short-
period frequency for the nose and center-of-gravity accelerations indlcates
that the angular acceleration in pitch was less than that indicated for the
canard model. The spectrum of figure 9(e) obtained from the magnetic-tape
analyzer indicates that a high-frequency peek near 100 cps or a body vibra-
tion mode is also present for the tail-last model. At a frequency of
100 cps the amplitude of the center-of-gravity accelerometer readings is
about 0.76 of the actual amplitude.

Variation of acceleration with Mach number.- The measured root-mean-
square accelerations ere shown in figure 10 as a function of Mach number
for both the canard and tall-last models. The data of figure 10 have been

corrected to the same turbulence intensity by means of table II which lists

the values of K in the equation of the turbulence spectrum ¢4(Q) = i%

for the various record sections. The values of root-mean-square normel
acceleration of figure 10 correspond to an input spectrum of atmospheric
turbulence having a value of K = 0.05. However, the data of figure 10
still include the different weight and moment of inertia for each model
listed in table I. Since the values of o of figure 10 are proportional
to the integrals of the power spectra of figures 8 and 9 from O to 50 cps,
they include a small amount of the power at 100 to 120 cps which was
reflected at the lower frequencies.

With the large amount of scatter shown in figure 10 it is difficult to
establish any definite variation of root-mean-square acceleration with Mach
number or to meke comparisons of the canard and tail-last models other than
the general level of the load intensity. With the short sample lengths of
data it is possible for statistical fluctuations to cause discrepancies or
scatter of the order of 120 percent. If the variation of o with Mach
number depends primarily on the variation of damping in pitch with Mach
number, then it can be seen from the damping data of figure 4 that the
difference in the variation of ¢ with Mach number for the canard and
tail-last rocket models is a small-order effect and is masked in the
scatter of the data.

Curves of calculated root-mean-square normal acceleration are shown
in figure 10 for comparison with the experimental values. The calculated
velues were obtained from the simplified transfer functions previously
discussed along with an input spectrum 0.03/92. The calculated curves
include only the short-perlod frequency since no attempt was made to
Include structural frequencies in the transfer functions. In general
there is fair agreement in the general level of the experimental and cal-
culated values.

”
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In order to summarize the results from the three rocket-powered models
that have been tested in rough air, the experimental root-mesn-square nor-
mal accelerations for the tailless (ref. 1), tail-last, and canard models
are shown in figure 11 as a function of Mach number. The data of figure 11
have been corrected to the same turbulence intensity 0.05/92 and represent
e wing loading of 22.7 Ib/éq ft for all three models. As can be seen in
figure L, there is a large variation of time to damp to one-half amplitude
with Mach nmumber for the tailless model and this variation is reflected in
the variation of ¢ with Mach number in figure 11 with the exception of
one point at M = 0.81l. In a qualitative sense the experimental values of
o for each model reflect the variation of time to damp to one-half ampli-
tude for each model. The large amplification of load intensity due to the
decreased pitch damping of the tallless model from M = 0.8 to 1.0 is not
seen in the date for the canard and tail-~last models.

CONCLUDING REMARKS

Results from rocket-model flight tests 1n continuous rough air at
Mach numbers from 0.8 to 1.0 at low altitudes have been presented for a
canard and a taill-last configuration having the same wing and tail sur-
faces. The technique used in testing rocket models in rough alr appears
to lack the precision necessary for investigating small-order effects.
However, considerable improvement in the technique was realized by using
an alrspeed-fluctuation instrument in the canard model to measure the
turbulence intensity experienced by the model. This instrument, which
ueasures fluctuations in total pressure, is still in the development stage
but appears to be a better indication of the turbulence experienced by the
models than the survey-airplane data. The gurvey alrplane is still a nec-
essary part of the technique since it is necessary to select carefully
the test days for homogeneous turbulence required for the relatively short
model flights. As mentioned in a previous investigatlion, the precision of
the results could be improved by obtaining longer samples at each test
condition.

The experimental data for the canard and tail-last models showed that
the short-period frequency was dominant in the center-of-gravity normal-
acceleration response. This was also shown by a sharp peak in the power-
spectral-density functions of normal acceleration at the short-period fre-
quency for both models. As illustrated by differences in center-of-gravity
and nose normal acceleration, the canard model experienced larger values of
angular acceleration in pitch due primarily to greater static stability.
The variation of root-mean-square normal acceleration with Mach number did
not show any significant difference between the cansrd and tail-last models
probgbly because of lack of precision in test results. However, when
the variation of the root-mean-square normal acceleration with Mach number
was compared for the previously tested tailless model and the canard and




1L ‘Hi&ﬁ!ﬁiﬁﬁﬁﬁiiiﬁl NACA RM LSLILT

tail-last models, the effect of the improved damping in pitch of the canard
and tail-last models could be seen in a qualitative sense in that the curves
for all three models reflected the variation of time to damp to one-half

amplitude with Mach number.

langley Aeronasutical Laboratory, .
National Advisory Committee for Aeronautics,

Lengley Fleld, Va., November 30, 195k.
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TABLE I.- MODEL MASS CHARACTERTSTICS

Canard Model

Before sustainer-
motor burning
S - 99.6

Center-of-gravity position,
positive rearward, percent -125

Ty, slug=ft2 . . . . . ... ... 10.48

[¢]]

Tail-~Last Model

W ’ lb L2 - . L] L] L ] L] . . L] L] L] - . .
Center-of -gravity position percent
IY ) B l.u.g —ft2 3 3 3 - [ . [ . . - .

Ol

Oy N oM IRV TAD,

15

After sustainer-
motor burning

89.6

-13L.5
10.1h

After sustainer-
motor burning

S -
-1

e e e e e e e e e .. B.39

————— e -
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TABLE IT.- VALUES OF K TFOR THE CANARD AND THE

TATT-LAST MODELS

M h, ft K for equation ¢4(Q) = i%
Canard Model
0.940 600 0.0235
.890 900 -0571
.840 1’060 .0284
1.015 1,120 -003k
. 9’"’0 1 3 OOO . OO)J-J_

Tail-~Last Model

1.040 2,650 0.0370
.920 2,410 .0340
.884 2,050 .0278
.850 1,600 " 0288
.818 1,035 .029k

.800 400 .0352
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Figure 1.- Tail-last configuration (all dimensions in inches). "R
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Flgure 2.- Canard configuration (a1l dimensions in inches ).
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(2) Tail-last model. L-79438.1

(b) Cenard model. -

Figure 3.- Photographs of models.
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(a) Variation of undamped natural frequency with Mach number.
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(b) Variation of time to demp to one-half smplitude with Mach number.

Figure h.- Longitudinal stability characteristics of models.
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Wing second mode
175 cps

Wing first mode
31 cps

- (a) Tail-last model.

W1§ﬁ second mode
5

cps
Body mode Bod

y mode

Body mode ///j;7 32.5 cps 5 130 cps

g | 1
- |
Talil first mo;;x\iés

89 cps

Wing first mode
32,5 cps

(b) Canard model.

Figure 5.- Model vibration frequencies. Node lines for the various modes
are indicated by dashed lines.
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(b) M=0.94%; K = 0.0041 (after sustainer burning).

Figure 8.- Power-spectral-density functions of normal-acceleration data
for the canard model.
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Figure 8.- Continued.
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Figure 8.~ Concluded.
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(b) M= 0.92; K = 0.0340.

Figure 9.- Power-spectral-density functions of normal-acceleration data
for .the tail-last model.
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Figure 9.~ Continued.
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Figure 10.- Variation of experimental and calculated root-mean-square
normal acceleration with Mach number.
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Figure 11.- Variation of root-mean-square normal acceleration with Mach
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